Nucleotide or amino-acid sequences are interpreted as successions of words of length k (k-tuples) the frequencies of which are highly variable in different statistical populations of genes or proteins. After building k-tuple reference tables from coherent subsets or entire data banks, the local information content profile of individual sequences is drawn. Anomalous regions (peaks or depressions) of such a profile can lead to the discovery and identification of specific sequence patterns. Along the some principle, the simultaneous use of two reference statistical populations and the computation of an index combining the two information profiles lead to a general and powerful discriminant analysis methods. The identification of a "signal" associated with gene conversion, the introns/exons discrimination and the location of function specific patterns in proteins are given as examples of successful applications of this heuristic informational approach. no* Computer assistance is now mandatory for the analysis of nucleic acid or protein sequence data at various levels. In the day to day laboratory work, user friendly interactive programs are needed for helping in the design of experiments, performing data acquisition and handling, and analyzing primary structures in search of simple given features. At the next level, we need flexible accesses to sequence data banks in order to assess the similarity/homology of newly determined structures with published ones and thus, to explore the evolutionary or functional relationships among genes or proteins. Few portable integrated packages are available to perform these tasks (reviewed in 1,2) , including SASIP, the sequence analysis system of Institut Pasteur (3-5), which present state of development will
be outlined. The highest level of computer assistance, artificial intelligence, should help us to discover new structural or functional features yet unrecognised in sequences. In this respect, the present paper presents a heuristic approach to the analysis of a sequence using, in various ways, the concept of local information content to locate the a priori "interesting" parts of the molecule. This method, which has yet to be explored in its full generality, has already been successful in discriminating exons from introns in eukaryotic genes, exhibiting the domain architecture of some proteins as well as pointing out function specific patterns.
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SASH: the Sequence Analysis System of the Institnt Pasteur
Since 1983, we have been developing and offering for public use a software system for the management and analysis of protein and nucleotide sequen- (6, 7) . PSD-Kyoto is a protein sequence databank (3315 sequences, 686397 a.a.) produced by Dr. T. Ooi's laboratory (8) .
The last page of the menu is dedicated to computer assisted "shot-gun" DNA sequencing and double-digest restriction mapping. SASIP is intended for biologists without prior computer experience and is carefully "fool-proofed".
Module specific on-line help is provided within the HENU which totally hides the computer operating system from the user. 130 laboratories are currently using our facility on-line and multiple copies of SASIP Fortran 77 source code have been distributed worldwide. To this package constituting a basic software support for sequence analysis, are now incorporated new modules related to the informational approach described below. This includes programs to build k-tuple frequency catalogs from subsets, entire databanks or theoretical distributions, utility modules to interactively handle catalogs and k-tuple coded sequences, as well as to compare catalogs and display various types of sequence information profiles. On our Data General MV8000 mini-computer typical running times were 40 mn to compute all 1-tuple to 9-tuple catalogs for GenBank, 30 mn to compute all 1-tuple to 4-tuple catalogs for NBRF, from 1 to 10 s to compute the information profile of individual sequences. Thus, once the catalogs are build, the method is interactive.
Sobiequcnce cataloging
Central to our approach is the notion of subsequence cataloging first introduced in the context of molecular biology by Dumas and Ninio (9) . Instead of being regarded as a simple string of characters, a macromolecule sequence TTATTTTT  ATATTTTT  TAATTTTT  AAATTTTr  TTTCTTTT  TTTGTTTT  TTTATTTT  ATTATTTT  TATATTTT  AATATTTT  TTAATTTT  ATAATTTT  AAAATTTT  TTTTCTTT  TTTTCTTT  TTTTATTT  ATTTATTT  TATTATTT  AATTATTT  TTATATTT  ATATATTT  TAATATTT  AAATATTT  TTTAATTT  AATAATTT  AAAAATTT  TTTTTCTT  TTTTTGTT  TTTTTATT  ATTTTATT  TATTTATT CTAGTCGT  CGTTAGTC  TCGACTAG  CACGCGTA  GCGCTAGT  CTAGTCGC  TAGCACGC  TAGTCGAC  CACTAGCG  ACCGTTAG  CGTACTAG  CGGACTAG  ACGCGTAG  TCGGATAG  TCGCTAGA  CCGTGTAA  ACTAGCGT  CGTAGGGT  CTAGCGTC  GTAGGACC  CGATTAGC  TAGTCTAC  GCTAGTCG  ACTAGTCG  TATAGCCC  CCTAAGCG  GACATACG  TCGATAGG  CGACATAG  TAGCCCGA  CTAGACGT  CGACTAGT  CGAAGTAC  CAGTCCAC  TATACTCG  ATAGATCG  ACTAGCGG  TAGTACGG acids) or 1000 (proteins) between the most frequent and most rare k-tuples. Horever, it appears, as confirmed by a more careful statistical analysis (7) , that the probability of a given k-tuple is not predictible from the frequencies of the individual aminoacids (Table III) or nucleotides (respectively .27,  .255, .239, .236 for A,T,G,C) . Such large variations among the probabilities of the different k-tuples indicate that natural sequences are highly non random polymers and suggest the existence of many yet unrecognized patterns that a local information analysis might help to locate.
Local information content profile of a sequence
The simplest application of these notions was realized as follows. Specific subsets or entire sequence data banks oere first cataloged, i.e. the frequency of all k-tuples (with k ranging from 1 to 9 for nucleic acids and from 1 to 4 for proteins) were computed once for all and stored as look up tables. 
Discriminant analysis
In the simple form just described, the information profile of a sequence is computed relative to a single frequency look up table. The same principle can be applied to more sophisticated analysis using two frequency catalogs computed from two different statistical sequence populations S* and S^.
In this case, each location in a sequence exhibiting a given k-tuple i, is associated with 2 probabilities, p^l and pj^. We then introduce a discriminant index defined as dj^ o p^l / ( p^l + p^2) whose value ranges from 0 to 1.
Indeed, a similar formula may as uell involve the local information or neg-entropy values. If we now plot this discriminant index along the individual sequence under study, patterns which are more frequent among S* than among S* will appear in regions above 0.5, while patterns with the converse distribution will appear in regions below 0.5. Last, patterns with similar probabilities in both S* and S^ will generate "average" regions. We can thus of problems. In the present paper we applied it to the discrimination between introns and exons, and to the detection of function specific patterns in both nucleic acids and proteins.
RESULTS
Information profile of the Bouse H-2 K k gene
The local information profile of the first 3kb of the K k gene of the major histocompatibity complex of the mouse (16) is shown in Figure 1 . In this case, the reference catalog was build from all 4-tuple frequencies computed from GenBank eukaryote genes (2 10^ nucleotides). This profile exhibits numerous singularities each of which would require specific attention. The most striking feature is an almost uninterrupted region (800-1950) of below average probability. To analyse further this singularity, we first varied the k-tuple size and the width of the sliding averaging window, in order to magnify the contrast between "singular" and "regular" regions. This was achieved by using k~2 and no averaging as presented in Figure 2 . The signal responsible for this singularity was thus a particular di-nucleotide.
The repeated value of the local probability in this region and a sinple can be extracted which would provide a rational template for synthetic peptides designed to elicit specific antibodies. Conversely, structural invariants can be sought in the peak-associated regions of the protein sequence.
Discriminant analysis on gene sequences: intron Tersna ezon
We first tested the discriminant analysis method on the classical problem of mapping the introns and exons of genes. For this we computed the frequency tables of all k-tuples (with k"l to 9) from GenBank exon and intron sequences separately. We then plotted the discriminant index d -p /(p + p.
•.
for various k values to see if an actual discrimination was achievable. The profile obtained for the human beta globin (k=6 and window width°31) shows that to be indeed the case ( in cataloging separately plant genes. A discriminant analysis profile of soybean leghemoglobin gene (19) is shown in Figure 6 . The success of this discrimination clearly demonstrate that intron and exon sequences have a distinctive statistical "colour" or "taste" irrespective of the underlying translation reading frame which is not explicitely taken into account by our method. Thus, in principle, this discriminant information might be used by a relatively non-specific cellular machinery to direct the splicing of a wide variety of genes. The intron/exon differential binding of proteins (within the ribonucleoprotein particles) to the primary P. IIA transcript, hiding or revealing the canonical 6plice signals, could be the molecular basis of such a process. We are further investigating if the significant differences found between the exon and intron k-tuple statistical distributions can be attributed to only a few key patterns.
Discriminant analysis on protein sequence*: function specific patterns
When using the discriminant analysis method, the second statistical population S^ may be replaced by the theoretical computation of a k-tuple probability catalogs, according various hypothesis. For proteins, in the sequence of which the 20 amino-acids occur with quite different probabilities (Table III) , the information content profile is often dominated by the local amino-acid can be used to assess the biological significance of the presumptive signal (5).
A generalization of this method, in which the local information content of a sequence is simultaneously evaluated from two "opposite" statistical populations offers the basis for a powerful discriminant analysis. A common algorithm (and program) can thus be used to distinguish introns from exons in genes or to identify function specific patterns in proteins. An endless list of problems can in fact be addressed within this framework with the sole limitation being the need for a significant amount of reference data from which to build k-tuple frequency catalogs.
Usual artificial intelligence methods, like knowledge-based systems, rely on propositional calculus and logical "rules" to represent reality (24, 25) .
This formalism is not well suited to the description of systems whose behavior is essentially continuous or on which only sparse information is available.
In these cases, a statistical representation of the "relationships" between the different objects under study is more natural and might be an efficient intermediate for the eventual discovery of deterministic rules.
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